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HOW TO SELECT THE RIGHT FERRITE

BEAD FOR FILTERING DC/DC CONVERTER

Lorandt Folkel M.Eng.
FAE & BDM at Wurth Elektronik eiSos

WURTH ELEKTRONIK MORE THAN YOU EXPECT



OUR AIM TODAY

= |ets see what we can do to perform a one step EMC lab certification...

...a DC/DC converter can generate Conducted Emission

... the EMC of a DC/DC converter is affected from the PCB layout

... with an oscilloscope you could solve some of EMI situations

EFFICIENT EMC & POWER CONVERTER DESIGN
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DC/DC CONVERTER DESIGN CHALLENGE

Requested:
- 100W buck-boost DC/DC
- 95% efficiency minimum
- EMC complaint for conducted and radiated
- Must fit in the already defined box
- Decision for the costs
- lowest possible
- Compromise for price and performance
- No budget limit
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SELECTED DC/DC IC FOR NEXT EXAMPLES

« 60V Buck-Boost Controller mit 4 external MOSFETSs possible switching freq. 200-700kHz

120W (24V 5A) Buck-Boost Voltage Regulator
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Vin INTVce ; ; 1 —— 100V ~T >80V
4.7uF = =
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SOLUTION FOR LOWEST COST DESIGN (A)

* Single side PCB
* L layer PCB
+ Highest possible switching freq = 600kHz - smalest inductor can be used

» Lowest cost in comparation with the next ones

Power Choke

Cin WE-XHMI 1090 Cout
(Y Y Y
1 Y 1 4,7uH 1 Y 1

+ - = +
=1 =1 10 — — 10 =1 L
0 M~ ~. o
« ~ 10Q 10Q = N

> >

<t =t

Fsw = 600kHz
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SELECTED MOSFETS FOR DESIGN (A)

* Logic Level N-Kanal FET im DPAK TO-252-3 package
* Rth not optimal
 Package ESL relativ high
 Package not compact
Estimated Power dissipation of each FET at full load, [Psyn]= 0,05 0,11 W
Estimated Junction temperature, [T]]= 50,04 50,10 “C

MOSFETs Power Loss Break Down (W)

0,027 0 .
oControl FET Conduction
0,028 C?b]ift Loss
oControl FET Switching Loss
0,106
O Syn. FET Conduction Loss
0,108 ODiode Loss and Syn FET

1,016 Switching Loss

Buck Leg (A,B) Boost Leg(C,D)

infineon

"

IPDO31NO6L3 G

Estimated Efficiency

Overall estimated efficiency @ full load, [n]= 95,52 %
estimated.
0,254
0,15, OMOSFET A Loss
v 5%
g OMOSFET B & Diode Loss
0,107
4%, OMOSFETC Loss
0. 78
o, 1% OMOSFET D & Diode Loss
1; vm 1%
Oz - oRsense & Inductor DCR Loss

Overall Power Loss Breakdown({W, %)
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OptiMOs™3 Power-Transistor

Features

+ Ideal for high frequency switching and sync. rec.

= Optimized technology for DC/DC converters

* Excellent gate charge x R ps(on) product (FOM)
* Very low on-resistance Rpson)

» N-channel, logic level

« 100% avalanche tested

« Pb-free plating; RoHS compliant

- Quallified according to JEDEC" for target applications

Type IPDO31NOEL3 G
13@&@)
3
Package PG-TO-252-3

Product Summary

Vs 60 A
R bs(on)max 3.1 maQ
Ip 100 | A

RoHS

drain
pin 2
gate
pin 1
source
pin 3




REDEXPERT:

INDUCTOR SELECTION FOR DESIGN(A)

Boost Mode:

Aufwartswandler m G Typ=Singe % |1 z532A % Serie = WE-XHMI 3

I i S S O ) 8 8| o i

PARAMETER <+ 74430360033 WE-XHMI 1090 Single 3,30 pH 3,40 mQ 15,0 A

28 Produkte

290A 161 mw 142 mw 303 mwW 186K

14,0V 18,0V 600 kHz 30 % 0,10V
140170V 500 A Single < 74430369055 WE-XHMI Single 5,60 pH 6,40 m() 115A 230A 126 mW 267 mW 393 mw 212K
* ACloss =0,1TW : w -
_— I I I . <+ 74439369068 WE-XHMI 1090 mmr | Single 6,80 pH 7.60 m( 105A 215A 64,2 mw 317 mW 381 mw 209K l
ms max opt
26,46 A :T21A 273 pH <> 74439360082 WE-XHMI 1060 mr  Single 820 pH 10,1 mQ2 9,80 A 220A 53,2 mw 421 mw 474 mw 21K
o D C | 0 S S = O, 2 3 W . <> 74439369100 WE-XHMI 1090 mmr | Single 10,0 pH 11,4 mi} 9,40 A 200 A 43,6 mw 476 m\W 520 mwW 232K W
ton DG ﬂ‘l. I:€E':
e e S < >
e Pvall=0,33W
74439369047 ¥ Muster ordemn
WE-XHMI - 1000
v 470 pH - 5,40 mD = Mehr..
Y AT —_— 1 6 K o T —
— av
D= 1p 2us 3ue
" Ein- / Ausblenden -
* Ipeak = 7,2A Ervamur | 0C St Umgebwgsimperstu)
- ]
T= 20°C A T= A
5 uH 120K
A 4,50 pH 100K
AC Verluste DC Verlusts  Verluste AT ptal
° BOOSt MOde 9 03ImW  225mW  328mW 161K o ] sk ]
-— {=1
Pus. Vi, Pus. foy, P vs. lpgs % S
° S | d . d E 3250pH % B0 K
electead Inductor E
200 mwW 3 uH 4 40K 4
100 mwW
smaler (because of ﬁ ﬁ
14vin win 1EVIn 17V 50 pH A 20K A
Dut C Cle) L“te 24H } } } } } } 0K } } } }
oA 54 104 154 204 54 MDA IEA oA 54 104 154 20A 254
Current Current

high peak current!
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REDEXPERT: Inductor selection for Design(A)

Buck Mode:
| |
Abwirtswandler n Filter: = S0uHSLSE50pH ¥ 8Pmdukte =
. AC| W I T ) e e S o | e
Closs =0,19

Eingang Ausgang  Schaltfreque Rippelstrom Diode <» 74439346047 WE-XHMI 6060 Single 470 pH 13,0 m} T40 A 147 A 251 mW 325 mW 576 mW 336K
e
240V 18,0V 600 kHz 30 % 010V
24,0-240V 5,00 A Single < 74439346056 WE-XHMI 6060 Eor) Single 5,60 uyH 15,0 m} 6,90 A 136 A 210 mW 375 mW 585 mW 339K
e DCloss = 0,14W DETAILS
| | T < 74439358047 WE-XHMI a0a0 Err] Single 470 pH 8,65 m 950 A 205 A 235 mW 216 mW 451 mW 254K
ms max Op[

* Pvall=0,33W [ venmomeor | .
<> 74439369056 WE-XHMI Single 5,60 pH 6,40 m 11,5A 230A 207 mW 160 mW 367 mW 201K

ton oG Al loazk
1,25 ps 750m 1,60A 5,80A <> 74439370047 WE-XHMI 1510 my  Single 4,70 uH 3,50 mQ 170A 58,0 A 110 mwW 87,5 mw 198 mw 104K v
* AT=16K y
i < 1 >
ACVeruste DG Verluste I Verluste AT
194 mW 135 mwW 329 mw 162K
® Ipeak = 5 75A U d & Muster ordem
I ; WE-XHMI - 1000
P vs. Wi Pvs. fgy Pys. loy 470 yH- 540mD —
N

mw

mw //

e E——— En. 1 Ausblenden

100 MW Indukfivitat | DC-Strom (Umgebungstemperatur) H D Erwdrmung / DC-5trom (Umgebungsiemperatur) = D

° BUCk MOde 9 T 8 T= 20¢ v T= 2wc v

SElectEd 450uH 1 100K

inductor bigger

60K

for smaller peak ]

Induktiritat
w
o
=
i
Eradrmung

250 uH 1 20K 4

current!

2 pH . . . . . . 0K . . . .
DA 5A DA 154 20A 254 WA A DA 5A 10A 154 20A 254

Current Current
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REDEXPERT: INDUCTOR SELECTION FOR DESIGN(A)

* Fsw 600kHz - 30% max. Ripple current = Inductor 4,7pH

* Selected by REDEXPERT
 Type of inductor : WE-XHMI
» Flat wire and shielded

» Size 1090 (10x10x9mm)
» Nominal current: 13,5A

» Saturation current: 27A
» Rdc:5,4mQ
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REDEXPERT: INPUT CAP SELECTION FOR DESIGN(A)

» Calculation for Cin MLCC X7R for maximum allowed ripple current

~_ D X (1 =D) Xlpurmax o - 078 x (1 -078) x54
in = AV pp X fow in = " 100mVpp x 600kHz

= 14QuF

o o # Start Warth Elektronik Unternehmensgruppe  Andreas ¥ Deutsch ~ -
“WE—-
—E )~
'WilRTH ELEKTRONIK Keramildondensatoren (MLCC's) F‘EI:]EXPEF‘Trm
Filte:

Elm v== Blc=[w S| Blone Blate Blor  8le  @lue Bles Blor Bl 8l
B e O R T ) N S T BT
~

i

ESR 1 Frequen = O Kapazsstsanderumg | DC-Bizs Spanmung
1 k2 1k = .-.: 240V I T
| £ 0% 4
1o | 100 0 4
1 i -10 % -
100 : 100 ! =
S
| i @
= | E osow |
D
= 10 1 &5 10 4 =
E i H =
2= i -]
| i &
H i o 30 %
100 moy | 100 m0 ] L
1 ma | 10 ma 4 -40 %
1mo T r r T . T | 1mo T T T T T . | -50 % T T r
1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz 10 GHz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz 10 GHz owv 10V 20V 0V 40V 50V a0 v
Freguenz Freguenz DC-Bias Spannung
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Presenter-Notizen
Präsentationsnotizen
D = (Vout / Vin x n) = buck mode


LTSPICE SIMULATION

 Simulation for BuckBoost; all coponents including the parasitics
* Some PCB layout parasitics included

. 1 10
W 1 [:
& n
m T
ser=0_2 Rz Fasc] R4
a4 A89K "_|L_'%"'
n

a7 50 ca
i
T
D=z D1 ATu
R3 nsinP ninn win = ISP NTVee
56.2K BATAGWS BATAGWS ,\
EEEEEE o BSsT2 c14
Rs Lo T
488K
OO Bs5T1
RE
274K ]
— CLKOouUT TG n
- e
w1
4
— Ivinmen suw
16 18
— 18mon BG1 n
Ls Le
R12
I 1 1n
SHORT LT SMSP n
200K
R13 S
Tr10 sMSH
100K ~
ccm PahD >
LT3780
cs
<1 e BG2
A
CTRL suuz
Puvna TE2
R4 SGND  SS SYNC RT Ve PWMOUT FB RS

T
?47}{ ‘?‘7’ ‘?‘7’ RS ?GZK
o1 108
i By R7T R10
c2
100p 36K Ak
10n

tran 10m startup
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&
FILTER LTSPICE SIMULATION

 Simulation vs. measurement

7 UTspice ]V - 13790, DC2132A TAOIAfit |= %

File View PlotSettings Simulation Tools Window Help
ER-R 1R (@GR BEIBRE s oM a8 @
4, LT3790_DC21324 TADIA| ¥ LT2790 DC21324 TADIA | (3790 DC2132A TADIArw

{7 LT3790 DC2132 TAO Araw

o w4 ; e s | v v i -8 ] j ! v1 -291,07 mV
! ! | ; ; ; ! ; i V2 659,94 my
AY 951.01 mY
Track waveform
| Y o
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Presenter-Notizen
Präsentationsnotizen
Messung würde mit RTO am Eingangskondensator der Platine A durchgeführt


CONCLUSION FOR FILTER DESIGN

=  Measurement for damping / Precompliant (ex. FFT & LISN mit 50Q)

[ Horizontal
0|20 ps=
{ J10.55527 2 MEa
G211 10544 Ls/div
5

=
2 Edge 4 cChi
Level:261.49 my

oo

0 d
4 |AC Bwy: S00 WMHz
1 1Sample

] . |
7 |Scale: 10 dB/div
24942 ps 108585 pf  Offset: 50 dBuY
. FFTmag(Chi)
EEW: 900081 kHz

—|

= Filter need to be at 600kHz ca. : 90dBuV — 40dBuV = 50dB
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MEASUREMENT SET-UP NNB21 LISN + RTO (509)

= Precompliant Measurement from 150kHz to 400MHz (in case you have a Spectrum analyzer you should use it
instead of Scope)
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T-FILTER FOR DESIGN (A)

* Due to the long input wires a filter is a must
* Filter for conducted emmisions: 150kHz — 30MHz
* T - Filter can achive in theorie up to 60dB/Dec damping

I—filter INPUT Output I—filter
YYY L, o o oYY
Source 8 3 3 g Load
N +| CfiterEko 4o S DC 2 toes © Citter,Etko | +
pm— c . 8—=—2C Cot=— 8 ;. & pm—
- g fit g n ou e fit g
5 3 be = 5
-CQ [ o .-C
Ferrit Spule Spule, Ferrit,
O—a——— Y — — Y Y Y ——am—CO
=2 —— —— o
= | | 3
pc
O Elko Elko. O
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Presenter-Notizen
Präsentationsnotizen
Elkos unterdrücken unerwünschte Oszillationen durch den rel. Hohen ESR


LTSPICE SIMULATION FOR T-FILTER DESIGN (A)

* All components with parasitics included
« MPSB Ferrite are suitable above ca. 5MHz

R3 |_
V2 L2
1 4. ?pH ic1 WVE- mpsa R4
WWE-XHMI T4279224401
Rdc: 13mOhm 100" Rdc: 15mOhm 10
AC1 WCAP-ASLI
Output T- Filter
=
=
=]
=]
S R5 L4 L3
S w1
S ! 4.7pH Jez geunse R6
.‘8_ Rdc: 13mOhm 100pF Rdc: 3,5mOhm 10
2 AC 1 i WCAP-ASLI
2 Input T- Filter
=
8
R1 L5
V3 -
1 4. 7THH R2
VWE-XHMI | C3
Rdc: 13mOhm j—— 1 u
100pF
AC 1 WCAP-ASLI
LC- Filter only ~=
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LTSPICE SIMULATION FOR T-FILTER DESIGN (A)

. Damplng for T-Filter above 40dB Differntial Mode «.. 150KHz up to 80MHz

¥in nm] \.r[ noa) W[n011)

R rT F|Iter Output
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CMCFILTER FOR ALL DESIGNS

* Selected Common Mode Choke with huge bandwith for 30MHz to 500MHz
 Important to know: CMC’s are helping for imunity like BURST & HF

Ferrit Spule Spule, Fervit,
O_NY\_E__W_ _W__E_NY'\_O
= pcC 5
2 oM — - cHMC =
O0—To0 DC O
Elko Elko.
F1 Typical Impedance Characteristics: F1 Typical Impedance Characteristics:
10000 Iﬂm M 10000
s LT We-UCr WE-UCF il I~
il — i h 2x56uH 2x120uH = =i
2 : / IS

Impedance [Q]
8
N,
W
Y

N
N
N
[

ik / D Ir=7A > Ir =5,5A
Z Rdc:4,7m § e Rdc:10m
10 -/ lﬁ', . ) - 10

N\
N

1
0.001 0.01 0.1 : | 10 100 0.001 0.01 0.1 1 10 100
Frequency [MHz] Frequency [MHz]
—F (COMM) - =7 (diff) — 7 (COMM) - =7 (diff)
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SCHEMATIC DESIGN (A)

Uin 24U ~/ 3,7SAmax
Uin :L‘I-UJ_S/ ZAmax

S dwz gwz 4 2 -
Fa P &7 uH £25 cztt
& E—MPSE a7 . B . =
o - e B 792241313-% _,2“54%323166994678 < Hamping Faktor=8.7 %I—il I2_<,_2I Ii—ul,% %
- dus 250 10560
Ans5eL LE-UCF = wles  dos dler dleiadleis pobeaziarals oAt 8
2542, BE SmH = = = = =%
1AEU/ 53 = = = = - = AR B
+ WCAP-ASLI GO = i i T BT T L &8
EEEAZASEI01E ~ . = =l - © o lussaugt -
M [ [ [ ‘tD = =
= 2 ] 2 I T
o HEND T EMD TGN ST e E
b B, ik T e e Uout 180 / 5h
gl [ 7sar 1E8E g cftersisdese | N ssoeizzosess - B e 0<r\)i’3\r\ igmmz 132 P
= + ' > - A Ch_x -+
25 =24 il o = = oo e, BREES [~ 7 pH E-MPSE . _—— e
L o B o1 GMO o = Il" l ] [Tl cal E5 el Bl C2 il £ WE—XHMI @60 f’lﬂ;gzzﬂm —_ It
el o SE LT379aHFE =t k¢ }EN_E ol 3. | . = = =Ll [F 435346047 1
N EE - a2, 186n/58 5':-8 gH - I | R o A - = o 2L JLBnsSE
- & 12 1 mrTuce L - - - - e E E E E g SR fXBlzmH
cidh - L1 5 e I o s =
E 11 1IN BsT2 |22 il o
Fa B
franssauy 1@ T o 15 WE-¥HMI 1@3@ GHNO GWO GWOD GHO GHO
£rtmdbn 136 LICAP-CSGP HCAP—PSLC GMHD
B B T [ N P e o Wz, - G951 Z2A9048 EPEEPEEE 160 UCAE-ASLIF
fce] B i) clH = - + +
—]= AL = 38 16 i ™ [ﬂ&
[t g T — ouLn Shi1 p G } I | = A
Rl ] H =
= sHorT BEl |2 = 5 . £ 5 &
1R MO & MM \=
41 cram shep |22 e = — &
2z <[}
M ol : d
= 1 umron shen =2 o Y
[
<1 1sMoM psz |2 =
22 1 cikouT sz 2L |
2 1 pumouT TEz =%
- S 1 UREF e |22
21 Pun = =2
. 1]
CTAL —/1
e M e z e sek
e & czzt
= = = a5 _:LI |2_
T L i 2% 1 ovnc +3Ep
O e =
A2 o5 = & _;fsln.l = sddkHz
=1 o
chfi’ RE o
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Presenter-Notizen
Präsentationsnotizen
Optional Schottky Diode (D3, D4) Selection 
The Schottky diodes D3 and D4 shown in the Typical Applications section conduct during the dead time between the conduction of the power MOSFET switches. They are intended to prevent the body diode of synchronous switches M2 and M4 from turning on and storing charge during the dead time. In particular, D4 significantly reduces reverse-recovery current between switch M4 turn-off and switch M3 turn-on, which improves converter efficiency and reduces switch M3 voltage stress. In order for the diode to be effective, the inductance between it and the synchronous switch must be as small as possible, mandating that these components be placed adjacently. 


DESIGN (B)
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DESIGN (B)

* Up and down layer using components

* 6 lLayer PCB

* Moderate switching freq = 400kHz = compromise between switching losses and inductor losses
* Optimized Filter at 1/0 = less RDC losses

» Medium cost

Power Choke
WE-XHMI 1510

Cin YY) Cout
1 Y 1 6,8uH IJ 1Y 1
+ = +
L L
= |2 m[,] 4 = [|] S
«© ~ 10 10 N N
S S

Fsw = 400kHz
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MOSFETS FOR DESIGN (B)

Logic Level N-Kanal FET in SON 5x6 package

Rth much better
Package ESL small
Rdson small

Gate Charge small

Estimated Power dissipation of each FET at full load, [Psyn]=
Estimated Junction temperature, [Tj]=

MOSFETs Power Loss Break Down (W)

04 %as

0,018

0,665

Buck Leg (A,B)

0,017 0

0,037

0,074

Boost Leg(C,D)

0,02
50,02

0,07 W
50,06 °C

OContrel FET Conduction
Loss

oControl FET Switching Loss
0O Syn. FET Conduction Loss

ODiode Loss and Syn FET
Switching Loss

Estimated Efficiency

Qverall estirr]a_ted efficiency @ full load, [n]=

estimated.
0,267
4 21%
vgs

0,09

%

m 0,037

- 3%

Qg o

Definition of FET Vm
on Vas Vs. Qa curve

0,185

4%

97,72 %

OMOSFET A Loss
OMOSFET B & Diode Loss
OMOSFET C Loss
OMOSFET D & Diode Loss

oRsense & Inductor DCR Loss

0o
Overall Power Loss Breakdown(W, %)
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i3 TEXAS
INSTRUMENTS

csD18532Q5B
SLPS322B —NOVEMBER 2012 _REVISED JULY 2014

CSD1 8532Q5B| 60-V N-Channel NexFET™ Power MOSFETs

1 Features

- Ultra-Low Qg and Qgg

Low Thermal Resistance

Avalanche Rated

Logic Level

- Pb Free Terminal Plating

- RoHS Compliant

- Halogen Free

- SOMN 5-mm = 6-mm Plastic Package

2 Applications

- DC-DC Conversion

- Secondary Side Synchronous Rectifier
- Isclated Converter Primary Side Switch
- Motor Control

3 Description

This 2.5 m, 60 Vv SON 5 mm = 6 mm NexFET™
power MOSFET is designed to minimize losses in
power conversion applications.

Top View
s L e po
| __ Lo
s =z T o
| P
s 33 E_]D
- o Lo
(= 44— s 0o

Product Summary

Ta = 25°C TYPICAL VALUE UNIT
Vos Drain-to-Source YVoltage 50 W
Qg Gate Charge Total (10 W) 44 nc
Qga Gate Charge Gate-to-Dirain &9 nC
] i Ves=45V | 33 mo
Rosen Drain-to-Source On Resistance
Ves=10Vv | 25 mo
Vasan)y Threshold “Voltage 1.8 W
Ordering Information!"
Device Qty Media Package Ship
CsSD18532Q58 2500 | 13-Inch Resl SON 5 =~ 6 mm Tape and
CSD18532Q56T 250 | 13-Inch Reel Plastic Package Reel

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Absolute Maximum Ratings

Ta = 25°C VALUE UNIT

Vos Drain-to-Source YVoltage 80 W

Vas Gate-to-Source Voltage +20 W
Continuous Drain Current (Package limited) 100
Continuous Drain Current (Silicon limited),

Io Te = 25°C 172 Y
Continuous Drain Current!’ 23

Ioaa Pulsed Drain Current(®} 400 A

B Power Dissipation[‘] 3.2

= Power Dissipation, To = 25°C 156

T,. Cperating Junction and =

Tag Storage Temperature Range —55 to 150 <
Acralanche Energy, single pulse

Fas |1 =BO0A. L=01mH, Ry =250 320 mJ

(1) Typical Rgys = 40 “CAV on a 1-inch? | 2-oz Cu pad on a 0.06-
inch thick FR4 PCB.

(2) Max Rgyc — 0.8 “C/AW, Pulse duration =100 ps, duty cycle =1%



Presenter-Notizen
Präsentationsnotizen
Vorteil zu DPACK: Kleinere Bauform, kleinerer Rdc, kleinerer Rth, gerigeres ESL


REDEXPERT: INDUCTOR SELECTION FOR DESIGN (B)

Aufwartswandler m Filter: Seria = WE-XHMI % E 25 Frodukt =
I ] ] O W O N e e e i 7
s WE-. g
CARAMETER - 74439369100 WE-XHMI 1090 Single 10,0 pH 11,4 mQ 9,40 A 68,2 mW/ 476 mW 544 mW 240K
BOOSt M Od e: Eingang  Ausgang  Sehalfreque Rippelstom  Diode 74439370047  WEXHMI 1510 b  Single 470 uH 50 M0 17.0A 52,04 39,4 MW 146 MW 235 mw 120K
JELE 74439370082 WE-XHMI 1510 G Single 8,20 pH 6,50 mQ 13,0A 240 A 84,7 mW 271 mw 336 mW 15,0 K
ITI'“S IT|3:K LOpl
26,46 A 2721 A 4,00 pH < 74439370100 WE-XHMI 151D b=y  Single 10,0 uH 850 mn 1,5A 353 A 58,6 mW 271 mW 331 mW 182K
. < 74438370150 WE-XHMI 1510 f Single 15,0 pH 11,3 m 10,0 A 34.0A 38,8 mW 472 mW 512 mw 208K I
t DC Ny =
566 ns 2% m 11T A 704A < 74438370220 WE-XHMI 1510 f=y  Single 22,0 pH 13,3 m0 500 A 240A 271 mW 555 mW 532 mW 292K N
z-- <dimmmmaaaaaaaErrErEEErEEErrTT— >
16
1z
BV 74439370068 ¥ Muster ordem
— v WE-XHMI - 1510
® AC IOSS -_— 0,09W av 6,80 pH - 4,10 mQ = Mehr...
D= 25 48 (|
~
e DCloss=017W e
) \//\\ Indukfivitat / DC-5trom (Umgebungstemperatur) = D Erwarmung / DC-Strom (Umgebungstemperatur) = D
T= 20C v T= 20C v
e pV a” = O 26W - s b 120K
fal
. . 5,50 pH |
AC Verluste DC Verluste I Verluste ATt 100 K
o AT = 1 L|-K 89,5 mW AT1 mW 261 mW 181K .
w1
P s Vg Pus. g, Pus. gy S0 K 4
—_— 5,50 uH
* |peak = 7,2A E
p e a - ] 300 mw = g
200 mW -—_-_‘-__-_-——_-_-_-_-_'_'— E 5 pH :g B0 K
= =
100 mw E |_|C_|
4,50 pH
a mw 0K 4
13.3vin 13.7vin 14.1In 14.5Vin
4 pH 4
20K 1
3,50 pH
3 pH . . . . . oK . . . .
oA 10A 20A 0 A 404 S0 A 80 A oA A 10A 154 20A 258A
Current Current
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REDEXPERT: INDUCTOR SELECTION FOR DESIGN (B)

T - S
Buck Mode: Em—
LJ

O Produkte S

oo Ble =l Scwn Blocwn Blomm Blu Bliw|

R [T E—— —— —— 74439346082 WE-XHMI singls 8,20 pH 23,0m0 5,30 A 226 mW 575 mW 801 mW 478K
I e 74439358088  WEXHMI 3030 %  Single 6,30 uH 13,5 ma T20A 150 A 213 mw 238 mw 551 mW 23K "

DETAILS 74439369056  WEXHMI 1080 & Single 5,60 uH 6,40 m0 15A 230A 303 mw 160 mw 463 mw 243K

> ;'EE A 5 ;“;; n ?,;;p;m < 74439360068 WE-XHMI 1090 %  Single 630 uH 7,60 mo 105A 215A 191 mW 190 mw 381 mw 209K

. <> 74439369082 WE-XHMI 1090 G Single 8,20 pH 10,1 mQ 080 A 220A 158 mwW 253 mW 411 mw 197K
ton bc 4l lpeak

<+ 744308370082 WE-XHMI 1510 Single 820 pH 6,50 mO 130A 4404 143 mW 163 mwW 306 mw 139K
v < — >
* ACloss=0,17W =
’ ov. ! 74439370068 ¥ Muster ordemn
ops 248 fpE WE-XHMI - 1510
~ 6,30 pH - 4,10 mD = Mehr...
[ ] DC IOSS = O 1W = T
Vi i /\ /\
* / \/ \ Ein- / Ausblenden Lvs. <
° P II — O 27W e Induktivitat /| DC-Strom (Umgebungstemperatur) = D Erwarmung / DC-Strom (Umgebungstemperatur) = D
vall=y,
0 2ue pe T= 20°C v T= 20°C v
~ TpH 120 K
) AT -_— 1 4 7 K AC Verluste DC Verluste Z Verluste ATya
? 172 mW 103 mwW 275 mwW 147K 6,50 pH
100 K 4
Pvs Vi, Pvs. foy P s, |y 6yt 4
* |lpeak =5,75A
p e a ) 7 mw 80K 1
m /’/— 5.50pH 4 =]
200 mw = :
= E
100 mw = 5uH = 80 K
2w =] S
) T‘:Iz.s win = . &
.50 pH
40K 4
4 pH 4
20K 4
3,50 pH
3pH T T T T T 0K T T T T
oA 10 A 204 0 A a0a 504 60 A oA 5A 104 15 A A 254
Current Current
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INDUCTOR SELECTION FOR DESIGN (B)
* Fsw 400kHz - 30% max. ripple current - Inductor ca. 6,8uH
* Selection with REDEXPERT
 Type of inductor: WE-XHMI
» Flat wire and shielded

» Size 1510 (15x15x10mm)
» Nominal current: 15A

» Saturation curent: 46A
» Rdc:4,1mQ
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INPUT CAPACITOR CALCULATION FOR DESIGN (B)
* Cin used MLCC X7R for max allowed ripple voltage

_ D x (4 =D) Xloutmax o > 078 x (1 -078) x554
n = AVinop X fow = """100mVpp x 400kHz
» Selected: 6 x 4,7uF / 50V / X7R = 28,2uF — 20% DC-Bias = 23pF

= 21uF

s L ———
WURTH ELEKTROMIK

Keramikkondensatoren iLcc's) REDEXPERT”

Filter: Bauform =1210 M | Typ=X7R M | C=4T70pF M U_=500WV M 1 Produkt =
(G| Mo B sew B owom = [oeer[ T = | aieb.. B cR 6. 8| AotVor- B orizge
siois |worrcs [0 | B [xm x| o | soav| mow| ammo|  man| sow| | smem| ssomn| tmem| oec|an |

L N}
S e e e Rl s e =) —
1k 1 k0 —— - .

crare _ 210y

0% -+

00 o

-10 % 4

o
#

Impedanz
ESR
4]
Kapazitatsanderung

Frequenz Frequenz DC-Bias Spannung
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Presenter-Notizen
Präsentationsnotizen
D = (Vout / Vin x n) = buck mode


FILTER OPTIMIZATION FOR DIFF MODE FOR DESIGN (B)

* Filter for Conducted und Radiated Emission Test Spectrum

* 3filter stage’'s

* At the CMC will only the leackage inductor for diff mode considered
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=
O Lap mF AN Lap pF E].kCl
30MHz to 5MHz to 100kHz to
300MHz 30MHz 5MHz

pCc

pcC

Spule, Ferrit,
Y Y Y T I_II.-I Y TY T O‘H
3
— — | lcMer == %‘
fa)
E].k(L Lap pF AN Lap mF o
100kHz to 5MHz to 30MHz to
5MHz 30MHz 300MHz



Presenter-Notizen
Präsentationsnotizen
Hier wird nur Differential Mode Filterung betrachtet


DIFFERENTIAL MODE FILTER FOR DESIGN (B)

Losses at the Output Filter ;.  /*Rdc

 Losses atthe Input Filter:  /**Rdc =

= 554%*30mQ

All components with they parasitics considered for the simulation

= 907mW

JA?* 184mQ = 902mWV/

R3 L1 L2 U1
V2 T L] » WE-UCF T T
1 1uH 4 WE-MPSB C3 C5 C7
WEXHMI 74279224101 | L L R4
Rdc: 5,5mOhm T Rdc: 3,5mOhm a4 7|.IF 29nE 4.7nF 10
AC 1 100uF = [ . L
Output Filter oy ATASH <+ <L 744290121
Rdc: 10,5mOhm
.ac dec 50 10000 500000000
R5 L4 L3 u2
V1 KW - B » » -
1 1uH | C2 WE-MPSB Cc4 WE'yEF. C6 Cs8
WE XHMI ) 74279224101 | L —L R6
Rdc: 5,5mOhm T Rdc: 3,5mOhm 4. 7TuE 29nE 4.7nF
N 100uF ,TH (] I 14 10
- WCAP-ASLI
Input Filter _ = 744290560
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Um den Wirkungsgrad zu erhöhen wurde die 4,7uH gegen eine 1uH getauscht ebenso wird nur noch ein MPSB Typ mit 3,5mOhm an den I/Os verwendet. 

Bei der Stroko muss man den Rdc immer x2 rechnen


FILTER FOR DESIGN (B)

Y{NO05,N00E) V{ND11,ND12)
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SCHEMATIC FOR DESIGN (B)

Vim 24U 4 2,7SAmax
Lim 14U & PREmax

+ =]

P

E3 [=%. 3
T el euAd—
et ety R T,
&gns iy

TIE-UCF
2x8.858mH
P =]

HCARP—ASLI
SssoEEsS45a12 N0

A8au /35

HE-XHMI @50
£ Haaa11g1a

BT Z2EF1EE

LUF
b

-1
LTZF98HFE

tn
£gu 23R 5
HCAP—PSLEC =
BFN1aF1s50a52

[E1]n]

=

453

LIM
IUINH
IUINP
EH/ULILD
ouLo
SHORT
cCA18
CCH
ILIMNFMOM
ISHMOM
CLEOUT
PHHOUT
UREF
PHH
CTRL
HC

S5
SYMC

INTUCC
ESTZ
EST1

TE1
SH1
EG1
SMHEP

SMEM
EGZ
Sz
TE2
I=p
ISH

FE

RE

L

L
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Presenter-Notizen
Präsentationsnotizen
-400kHz Schaltfrequenz
-Mehr Cin / Cout MLCCs
-Pi Filter am IC Vin Pin


DESIGN (C)
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DESIGN (C)

* Top and bottom side using components
* 6 Layer PCB

* Lowest switching freg = 230kHz -> to achive lowest losses and highest efficiency >
big inductor value / big cap values / no Gate resistors

* Different filters like design B used
» Most expensive / biggest size on PCB

Power Choke

cin WE-HCF 2815 Cout
Y Y Y
1 Y 1 10uH 1 Y 1
+ = = +
Lols oof] IF . .S
NS |< 00 00 <~ g
5 5

Fsw = 230kHz
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MOSFETS FOR DESIGN (C)

* Logic Level N-Kanal FET im SON 5x6 same like used in Design (B) INSTRUMENTS Sups1yie noveunen 2012 EeuReD d 2o

csD1 8532Q5B| 60-V N-Channel NexFET™ Power MOSFETs

Estimated Power dissipation of each FET at full load, [Psvn]= 0,02 0,07 W

1 Features
H H B [a] +  Ultra-Low Qg and Q4 Product Summary

Estimated Junction temperature, [T]j]= 50,02 50,06 "C 9 9N o Ta-25°C TYPICAL VALUE | uniT

+ Low Thermal Resistance Voo Drain-to-Source Voltage 60 v

MOSFETs Power Loss Break Down (W) + Avalanche Rated Q. | Gate Gharge Tomal (10 V) aa S
= Logic Level Qg Gate Charge Gate-to-Drain 6.9 nC

« Pb Free Terminal Plating Rosten | Drain-to-Source On Resistance | -e2 =5 Y [33] ma

B WV =10V 25 mQ

» RoHS Compliant (=] [
- Halogen Free Vasu | Threshold Voltage 18 v

N

Motor Control Absolute Maximum Ratings

0,01 0 _ _
0‘08% oCon | FET Conduction SON 5-mm = 6-mm Plastic Package Ordering Information(!

2 45 0,021 Loss A lications Device Qty Media Package Ship
0,017 oControl FET Switching Loss PP _ CSb1ns32G55 | 2500 | Toimen Reet| som s < 5 mm | Tape and

DC-DC Conversion CSD18532Q5BT | 250 | 13-Inch Reel | Plastic Package Reel
. Secondary Side Synchronous Rectifier (1) For all available packages, see the orderable addendum at

[m] S‘yl'l FET Conduction Loss Isolated Converter Primary Side Switch the end of the data sheet.
0,073

ODiode Loss and Syn FET 3 Description Ta=25°C VALUE | UNIT
. . ) Voe | Drain-to-Source Voltage 60 v
Switching Loss This 2.5 mQ, 60 V SON 5 mm = 6 mm NexFET™
R ) B E Vas | Gate-te-Source Voltage +20 v
0,381 power MOSFET is designed to minimize losses in -

power conversion applications Continuous Drain Current (Package limited) 100

) , Continuous Drain Current (Silicon limited), 172 A
Top View ° Tc=25C

P Continuous Drain Current!" 23
Buck Leg [A,B] Boost Leg[c,D} i - = ho [ Pulsed Drain Current® 400 A
-—- T - Power Dissipation‘” 32 w

Estimated Efficie ncy sqz] 1o ° Power Dissipation, T¢ = 25°C 156
= k T T, Operating Junction and 55 to 150 c

. - . _ L T, Storage Temperature Range
QOverall estimated efficiency @ full load, [n]= 98,51 % s _afe " Avaianche Energy, single pe -~ -
. o L 25 |Ip=80 A, L =01 mH Rg=250
. <] s i
EStlmatEd (1) Typical Rgya =40 “C/W on a 1-inch? , 2-0z. Cu pad on a 0.06-

oo inch thick FR4 PCB.
(2) Max Reyc = 0.8 “C/W, Pulse duration 100 ps, duty cycle 1%

0,186

22°%, OMOSFET A Loss
e 426 OMOSFETB & Diode Loss
0,083 "
10%, OMOSFETC Loss
vm OMOSFETD & Diode Loss
0,021
Q -
=4

39, ORsense & Inductor DCR Loss
0,113

Definition of FET Vm %rall Power Loss Breakdown(W, %)
on Vgs Vs. Qq curve
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Presenter-Notizen
Präsentationsnotizen
Vorteil zu DPACK: Kleinere Bauform, kleinerer Rdc, kleinerer Rth, gerigeres ESL


REDEXPERT: INDUCTOR SELECTION FOR DESIGN (C)

Boost Mode: ] - B

Bauform=2815 % | Typ=Single % |1_ =848

g Produkte S
I ] e e e ] ] S = ] K = [
parancrer I 74436410220  WE-HCF 2815 b  Single 2,20 uH 133 m0 36,0 A 885 A 362 mw 55,5 mw 417 mw 164K o
Eingang Ausgang  Schaltfreque Rippelstrom Diode )
140V 18,0V 230 kHz 30 % 010V < 74435410330 WE-HCF 2815 gy Single 3,30 pH 1,33 m 36,0 A 60,5 A 138 mw 55,5 mw 194 mw 871K
14,0140V 5,00 A Single
— <» 74435410470 WE-HCF 2815 my  Single 470 uH 1,33 m2 36,0 A 4404 97,1 mwW 55,5 mwW 153 mW 716K
loms s e < 74436410680 WE-HCF 2815 single 6,80 UH 1,33 mQ 36,0 A 30,0 A 84,1 mW 55,5 mW 120 mW 586K
26,46 A 2T21A 7,1 pH
LS mmmmmmmmmm
o AC loss = 0,04\ M —]
i <> 74435411500 WE-HCF 2815 Single 15,0 uH 1,33 m 36,0 A 143 A 29,1 mw 55,5 mwW 34,6 mw 440 K
985 ns 22? m 1,38A T15A
<» 74435412200 WE-HCF 2815 my  Single 220 pH 1,33 mQ 36,0 A 9,50 A 40,1 mwW 55,5 mwW 95,6 mwW 486K
* DCI = 0,06W
0SS =0, ]| >
74436411000 ¥ Muster ordemn
- Pvall=0,1W . .
o 2pe ape 6 ps spe 100 pH - 1.33 mQ —
~ o ——
A
e AT =5K 7= /T Ein-1 Ausbienden
BA / \’/ \ Induktivitit / DC-Strom (Umgebungstemperatur) H D Erwidrmung / DC-Strom (Umgebungstemperatur) =
sA T= 20°C v v
o 2 4pe 6 5= — .
* |[peak = 7,15A "
AC Verluste DC Verluste Z Verluste AT
43,6 mw 55,5 mW 99,1 mwW 501K 10 p—_—
Pvs. Vi, Ps. foy P ws. lgy,
120 mw 8 pH 1 50K 4
aomi e ——— £ opH E ek
" 3 z
vy = =
1334 13.7Mn 141N 1450 = w
4pH 4 40K 4
2pH 1 20K 1
aH oK
oA 104 20A DA WA 504 60 A TOA oA 104 204 DA ELT s0A 80 A
Strnm Strnm
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REDEXPERT: INDUCTOR SELECTION FOR DESIGN (C)

[ werswamger | x)
Buck Mode:

Eingang Ausgang  Schaltfreque Rippelstrom Dicde
240V 18,0V 230 kHz 30 % 0,10V
24,0240V 5,00 A sSingle
DETAILS
Irms Imax Lopt
25,00 A 2575A 13,1 uH
T e o
ton DC 2l leak
[} AC | — O 06\/\/ 3,27 ps 752 m 1,96 A 5,98 A
0SS = U,
* DCI = 0,03W
0SS = U,
= 2pe 4pE 5 SpE
~
* Pvall =0,09W
- e -\ -\
5A
an L~ \/ N
- AT=48K :
) Ope 2p 4pE Eps 3
~
AC Verlusts DG Verlustes Z Verluste AT Tga
* |[peak = 5,98A -
p e a - , 59,9 mW 33,3 mW 93,2 mW 476K
Pws. Vi, Pws. Ty Pus. |y
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Filter:

Typ =Single ¥ | Sere=WE-HCF X | Bouform =2315 ¥

8 Produkte =

8 Mo B swe—=Jowon =TSm0 =|L Blfocw Blie  Blin 5| cw. 8| ocwon. B G 8| s B i

< 74436410330 WE-HCF 2815 gy Single 330 pH 1,33 m 36,0 A 60,5 A 387 mw 33,3 mwW 420 mwW 16,5 K ~
<> 74436410470 WE-HCF 2815 gy Single 470 pH 1,33 mQ 36,0 A 4404 272 mwW 33,3 mwW 305 mwW 127K
<> 74436410680 WE-HCF 2815 Single 6,80 pH 1,32 mQ 36,0 A 30,0 A 23,1 mw 33,3 mwW 121 mw 5,90 K
<> 74436411500 WE-HCF 2815 Single 15,0 pH 1,33 m0 36,0 A 143 A 40,0 mw 33,3 mw 73,3 mW 391K
< 74436412200 WE-HCF 2815 pmz  Single 22,0 pH 1,33 m 36,0 A 9,50 A 454 mW 33,3 mW 73,7 mW 414K
< 74436413300 WE-HCF 2815 gy Single 33,0 pH 1,33 m 36,0 A 6,00 A 30,3 mW 33,3 mW 63,6 mW IATK 4
q | >
74436411000 ¥ Muster ordem
WE-HCF - 2815
10,0 pH - 1,33 mD = Mehr
1
Ein- / Ausblenden
Induktivitat / DC-Strom (Umgebungstemperatur) =0 Erwdrmung / DC-5trom (Umgebungstemperatur) =0
v v
12 pH 120K
10 pH 1 100 K 1
5 pH 4 S0 K
s g
z =] E B0 K
= HH 8 !
E g
= w
4pH 4 40 K 4
2 pH 20K
oH T T T T T T oK T T T T T
DA 10A 20A oA 40A S0 A E0A TDA DA 10A 20A DA 40 A s0A 60 A
Strom Strom




INDUCTOR SELECTION FOR DESIGN (C)

* Fsw at 230kHz > 30% max. ripple current = Inductor value ca. 10pH

 Selected with REDEXPERT

* Selected Type of inductor: WE-HCF
» Flat wire and shielded

> Size 2815 (28x27x15mm)

» Nominal current: 36A

» Saturation current: 21,5A

» Rdc:1,33mQ

W7 =
5SS "4{31.31009
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Präsentationsnotizen
Für die 2815 wären folgende Werte:
Servus Andi,
Die Messungen brachten folgende Ergebnisse für Duty Cycle 0.75, 24 Vin, 5A Iout, 10µH, 74436411000
 
PDC 2,9443 mW
PAC 62,945 mW
PTotal 64,945 mW
 
 


INPUT CAPACITOR SELECTION FOR DESIGN(C)

» Calculation for Cin using MLCC X7R for max allowed ripple current

c D X (1 —D) X I,y tmax c s 0,78 x (1 —0,78) x 54
e AVinpp X fsw = 20mVpp x 230kHz

= 186LF

» Selected: 7 x4,7uF / 50V / X7R = 33pF — 20% DC-Bias = 26,3pF

» Additional: Parallel to the MLCCs 1x 220pF/35V Al-Polymer WCAP-PSLC
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Präsentationsnotizen
Hier soll der Spannungsrippel mit Hilfe von mehr Ein-&Ausgangskapazität noch weiter verkleinert werdenGezeigt werden soll, dass deutlich mehr Kapazität trotzdem nicht hilft, die Conducted Emission Prüfung ohne weiteren Filter zu bestehen

D = (Vout / Vin x n) = buck mode
Hier werden die Vorgaben an den maximal Erlaubten Eingangsspannungsrippel verschärft in der Hoffnung, dass dadurch auch die Conducted Emission Prüfung mit kleineren Eingangsfiltern geschafft werden kann.


FILTER FOR DESIGN (C)

» Filter for Conducted und Radiated Emission Test Spectrum

* Target: increase the efficiency compared with design (B)

» Skip the 1pH Inductor from design (B) = big influence up to 5MHz

> Filter Caps from 100pF reduced to 47uF, in rest same components used

Ferrit Ferrit

O Y YA (G — ne — |G| Y YA O

5 3

3 I — 1 [ ] . —1 [

E- —— LCMC CMCT —— =
£

pcC
O Lap nF AN Cap pF E].|<O E].|<Cl+ Lap wF AN Cap mF O
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Präsentationsnotizen
Filter wird nicht ausreichen für Conducted Emission, dafür billiger und höherer Wirkungsgrad


SCHEMATIC FOR DESIGN (C)

Lin 24l /7 Z.75Amax

]
Z
o
]
i
m]
]
=
m]
o
i
u]

Lhim 14U 2 Frimax
+zalr _ J = = . =
. + . ts e m 11—82 a; i %N EN %N G!E
1 A oA [ H kﬁ = | k | k =
o T E-MPSE - e ] = 5 = i)
2 _, \+erozzeios o s = =+ =
[Ty} . L2l
#4n? 220 EEB_—BUSE‘::H o 4‘3“995\2{ olE7 olfitelpie 3£a"'ﬂ:m?ma BHD BHD GND GHD
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Presenter-Notizen
Präsentationsnotizen
Eingezeichnet sind die wesentlichen Änderungen im Vergleich zu Design B


EMC MEASUREMENTS CONDUCTED & RADIATED
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MEASURED WITH ENV216 LISN & ESRP

* Conducted Emission 150kHz — 30MHz
» Design (A) without Filter / Buck Mode 100W

100
dBuVv
600kHz
[
I T 0 0 b e gng/c‘spms a
]
— Al
o T '
§W\’\A’\w U\W Wm ij'byk
i ——— LRI
— Sl fpond W‘“”\J »,
7 150kHz 30MHz
Frequency Sub-range 4
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MEASURED WITH ENV216 LISN & ESRP

* Conducted Emission 150kHz — 30MHz
 Design (A) with Filter / Buck Mode 100W

100
dBpVv
600kHz
I 0
o JL
I f x e
L
l
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150kHz 30MHz
Frequency Sub-range 4
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Presenter-Notizen
Präsentationsnotizen
Trotz relativ großer Filterspule ist die Dämpfung nicht ausreichend 


MEASUREMENT IN EMC CHAMBER

Radiated Emission 30MHz — 450MHz
Design (A) without Filter / Buck Mode 100W

{ 1T s
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Presenter-Notizen
Präsentationsnotizen
Ohne Filter jedoch sind von 30MHz bis 80MHz Überschreitungen vom Grenzwert zu beobachten. Das liegt am Layout, welches nicht niederinduktiv genug ist.


MEASUREMENT IN EMC CHAMBER

* Radiated Emission 30MHz — 450MHz
 Design (A) with Filter / Buck Mode 100W
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Presenter-Notizen
Präsentationsnotizen
Mit den Filtern hält auch das Design A die Grenzwerte Klasse B locker ein


.

MEASURED WITH ENV216 LISN & ESRP

* Conducted Emission 150kHz — 30MHz
 Design (B) without Filter / Buck Mode 100W
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|
/| ¥
' |
— H { T
|| i
— I [ »
— ¥
'H.‘Hul
?\W o ’ MHHE MM
T A \MWW»W/ y ! ‘ Il |
A v%
e \‘WW M\m f— C‘J"‘")W J Akulw MLJMVJ NW A » Ry
" 150kHz 30MHz

Frequency Sub-range 4

45 | EFFICIENT EMC & POWER CONVERTER DESIGN WE
CUSTOMERS | LF | 01.09.2025



Presenter-Notizen
Präsentationsnotizen
B schafft es ebenfallst nicht ohne Filter für Klasse B. 
Die Emissionen sind über 10MHz aber trotzdem kleiner als bei Design A ohne Filter!


MEASURED WITH ENV216 LISN & ESRP

* Conducted Emission 150kHz — 30MHz
 Design (B) with Filter / Buck Mode 100W
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Presenter-Notizen
Präsentationsnotizen
Design B hält mit den Filtern Klasse B ein


MEASUREMENT IN EMC CHAMBER

* Radiated Emission 30MHz — 450MHz
 Design (B) without Filter / Buck Mode 100W

50 ‘ ‘

130/180/380MHz - Reason at SchottkyD | ...

dBuV/m

u.m ;u\ n

"'1‘ MHW

o i
”Hw WW L
\ ‘* .
il

W{(,h”"“l Lt “\ i
w

| hl““lll”ﬂlu H """.. il 'Hﬂl‘”
"‘ N fw yr‘"’“ﬂl{f U

M W
| H
u \y

p

’l‘ | il M i i

-10

30MHz 450MHz

£,7 | EFFICIENT EMC & POWER CONVERTER DESIGN
CUSTOMERS | LF | 01.09.2025


Presenter-Notizen
Präsentationsnotizen
Ohne Filter wird es bei 180MHz knapp (Ursache ist die Schottky Diode)


MEASUREMENT IN EMC CHAMBER

* Radiated Emission 30MHz — 450MHz
 Design (B) with Filter / Buck Mode 100W
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Presenter-Notizen
Präsentationsnotizen
Fast durchgängig über 20dB Abstand zum Grenzwert


MEASUREMENT AT THE SCHOTTKY

‘=5.07s W

Diagraml: Chl a

— AS5.072 W

1007 S W

Measured with R&S RTO at the Schottky D (Buck Leg)

h 4

 olres

Ea—w«———-—————I—————-———»——————-—4———-— ——p————

F— -4.022 W

F— -0.922

F— - 19.922 W

— -19.922 W

2022 W -5.33|35 H= -4.?5|02 H=
L

-3.‘1ﬁ|58 H=

I%—s 1 .58|34 H= 3.‘16?8 H= 4.?5?2 H= EE.SSISEE H=

7917 ps

Horizontal
200 ps
79217 ksa RT
1.5234 psSdiv

0s

Trigger AUt

A Edge 4 chi

Diagram2: M4 a

¥

Level: 2.6 mby

5w div

O diw FE my

LAt By . 500 MWMH=
Sampls

)
Scale: 10 dB/diwv
Offset: 70 dBLM
FFTrmaglChil
REBW : 120 kH=
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Presenter-Notizen
Präsentationsnotizen
Hier nochmal der Vergleich, gemessen mit dem RTO und normalem Tastkopf


MEASURED WITH ENV216 LISN & ESRP

* Conducted Emission 150kHz — 30MHz
 Design (C) without Filter / Buck Mode 100W
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Presenter-Notizen
Präsentationsnotizen
Bei der niedrigen Schaltfrequenz braucht es sehr große Filterspulen und Filtercaps um die Grundwelle zu filtern.
Hier sieht man, dass der verkleinerte LC Filter nur ab der 1.Harmonischen wirksam zu dämpfen beginnt.


MEASURED WITH ENV216 LISN & ESRP

Conducted Emission 150kHz — 30MHz
Design (C) with Filter / Buck Mode 100W
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Presenter-Notizen
Präsentationsnotizen
Bis auf die Grundwelle und erste Harmonische ist das Spektrum relativ harmlos . 


MEASUREMENT IN EMC CHAMBER

» Radiated Emission 30MHz — 450MHz
 Design (C) without Filter / Buck Mode 100W
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MEASUREMENT IN EMC CHAMBER

* Radiated Emission 30MHz — 450MHz
 Design (C) with Filter / Buck Mode 100W
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MEASURING DIRECT AT THE COMPONENTS
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&
GATE SOURCE VOLTAGE FROM HIGH SIDE FET

« Vgs Design (A) » Vgs Design (B)

Reason: The improved layout and the smaller package of the MOSFET

55 | EFFICIENT EMC & POWER CONVERTER DESIGN wi
CUSTOMERS | LF | 01.09.2025



Presenter-Notizen
Präsentationsnotizen
Durch das schlechtere Layout und schlechtere Bootstrap Positionierung kann man trotz 1 Ohm Gatewiderstand eine unsaubere Anstiegsflanke bei Design A erkennen


&
MEASURED WITH H-FIELD PROBE DESIGN (B) 30MHZ-500MHZ

* Measured at the storage inductor * Measured at the High Side MOSFET

> Thereason for radiation is not the inductor for sure!
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Presenter-Notizen
Präsentationsnotizen
Hier lässt sich schön erkennen, dass die Ursache für die hochfrequente Abstrahlung NICHT an der Speicherdrossel zu suchen ist.


MEASURED WITH H-FIEL PROBE AT THE BOOSTRAP DIODE 30MHZ-500MHZ

* Boostrap Design (A) * Bootstrap Design (B)

» Theimproved layout and using an other diode improve of lot
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ALTERNATIVE: FERRIT IN BOOSTRAP ADDED
(WURTH ELEKTRONIK APPNOTE ANPQ25)

« Advantage: only the rise time afected = More efficient as using a resistor at Gate

VCC Vi VCC Va
T
g Ferrite ‘ '
¢ BOOT BOOT
- -
— < — |
D{ > 5 D > s
ReaTte |
. % .
= -
<] <
J I J —
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ALTERNATIVE: FERRIT IN BOOSTRAP ADDED
(WURTH ELEKTRONIK APPNOTE ANPQ25)

« Measurement made by an LTC3703 Demo Board using different Boostrap resistors / Chip Bead Ferrite (CBF)

80
——R2=0
70 ——R2=162
R2/Z=600

= 60 ——R2/Z=2200
=
= 50
©
-
_g 40
o _ﬁ
-
-_—
g SETREN M
w s R5, 27 kQ ComP . Si7852DP

20 27 nF cn Y o 220 Fl_ i L1, 8 pH Vo = 12 VDC

100 pF
-y ] L LTC3703 :}—1HVCC
10 * RBI:IJs o RE, 10 Q
INV DRVCC
CSS1, 1 nF
L RUN/SS BG
0 L GND BGRTN }b—F+—

c7 _|
1 uF
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ALTERNATIVE: FERRIT IN BOOSTRAP ADDED
(WURTH ELEKTRONIK APPNOTE ANPQO25)

« EMC measurement made by an LTC3703 Demo Board using differnt Boostrap resistors & Chip Bead Ferrite (CBF)
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FILTER DESIGN
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LL" Input filter

(minimal recommend filter)

aaas DC
<]

DC

O
@ Vin L — Vout
O

Vsup

=Simple L-Filter
» Input filter reduce current ripple on input line
» Input filter reduce differential mode noise on input line
» Input filter reduce radiated emission via input traces

Attention!!! This filter is not efficient to reduce common mode noise on input lines
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WIDEBAND INPUT FILTER
(RECOMMENDED FILTER SOLUTION)

——————
- ~ <

T-filter —/ e
'/ m \\
‘\ L|n Il
\ /
\ /V'

7
N Critter_.~
-

DC
DC

Lvout

= T-filter recommend for wideband filtering
» L. forlow frequency filtering (DC/DC converter switching frequency)

» Ferrite for high frequency filtering

» Cpier Shorting AC noise to GND (220pF < Cgor < 1nF, low ESR)

NS

Attention!!! This filter is not efficient to reduce common mode noise on input lines
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.L/C" OUTPUT FILTER
(MINIMAL RECOMMENDED FILTER)

I—fiI ter

DC s |

DC

= Simple L/C Filter
» Output filter reduce voltage ripple on output traces (Conducted Emission)
> Output filter reduce radiated emission via output traces (Radiated Emission)
» No optimal solution for radio power devices

Attention!!! This filter is not efficient to reduce common mode noise on output lines
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.1 - OUTPUT FILTER
(RECOMMENDED FILTER SOLUTION)

I—filter

DC m Ferrite
]
DC

T-filter recommend for wide bandwidth filtering
Lo TOr low frequency filtering (DC/DC converter switching frequency)
= Ferrite for high frequency filtering
= This kind of output filter is for powering radio devices high recommended

Attention!!! This filter is not efficient to reduce common mode noise on output line
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66

DECOUPLING COMMON MODE NOISE

l qisr om DC

e | oc

: <
& A0 Vi

O 4— @
_(_)II

Vout
Vsup Crilter m
Lcom

o IS

For common mode rejection use common mode chokes

For supplying over long distance common mode chokes are recommended
Additional capacitor reduce differential mode noise

= Small value for ceramic capacitor is recommended

= (Capacitor and common mode choke act as a LC - filter for differential mode noise
Can be used for input and output lines
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SHIELD VS. UNSHIELD
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MAGNETIC FIELD LEAKAGE

Fieldlines FizldLine=
=E -8 =E -8
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= 2 056 M e
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RADIATION BY INDUCTOR

spektrum 1 - Inductor @ Z2MHz Clock (1.000,000 kHz - 30,000,000 kHz)

REW : 100 kHz Center : 15,500,000 kHz Sampletirne ; S0 ms 2,015,099 kHz
Span 23,000,000 kHz atkenuator @ -1 dB 60,00 dBm

WE - PD2 unshielded
10pH, 2MHz Clock, 1A

0 o=l N N -

WE - PD shielded
10pH, 2MHz Clock, 1A

19dBm difference

3.900,000 5,300,000 9.700,000 12,600,000 15,500,000 15,400,000 21,300,000 24,200,000 27,100,000
kH=z
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Magnetic leakage shielded vs. unshielded

ge—t. T T T o ] SRR - N ——
- 4 |

unshielded § t  shielded

Maorking

e | ' i'i. |'
. S L LR RaRiE \IH:IIM (R

OHz 2000000 kHz 4000000 kHz E00.000 kHz 200000 kHz 1000 MHz 200,000 kHz 4000000 kHz BO0000 kHz 800,000 kHz 1.1000 M-
Channel: 2 Window Type : Blackman Window Size : 8132 Chanrel - 2 Window Type - Blackman Window Size : 8192
Curson Information : Curzor off Cusgor Irdermstion © Cursos ofl
H armmomic: |nf camnaton - Haermomic: lrdonmition :

Tet; 286 750 kHz -26.856 dB 2nd : 573,250 kHz -32.347 d8 15t - 286.500 kHz 45977 dB 2nd : 573000 kHz 52705 dB
3id : BROO0O0 kHz 51847 4B dh -~ - 3rd - B59.750 kHz -56.160 dB dth: - -
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TRILOGY OF MAGNETICS

L’TII LTSRN ri

* 1. LTspice Book
How to use and build spice models
* 2. Trilogy of Magnetics
Design Guide for EMI Filter Design, SMPS & RF Circuits
* 3. Trilogy of Connectors

Basic Principles and Connector Design Explanations
* 4. ABC of Power Modules
Functionality, Structure and Handling of a Power Module
» 5. ABC of Capacitors
Basic principles, characteristics and capacitor types
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TECHNICAL SUPPORT NEEDED?
use: #askLorandt

Follow meon...

X

Twitter.com/askLorandt

we-online.com/youtube

Lorandt Folkel

linkedin.com/in/lorandtfoelkel Design Engineer
at heart

You

\We-online.com/asklLorandt

or contact me directly:
asklLorandt@we-online.com
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http://www.twitter.com/askLorandt
https://www.youtube.com/watch?v=XNt0CicKgSU&list=PLZJdRX1BvL0xaO2MeViGfcVxIG2Dkl1a2
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https://www.youtube.com/watch?v=XNt0CicKgSU&list=PLZJdRX1BvL0xaO2MeViGfcVxIG2Dkl1a2
http://www.linkedin.com/in/lorandtfoelkel
http://www.linkedin.com/in/lorandtfoelkel
http://www.we-online.com/askLorandt
http://www.we-online.com/askLorandt
http://www.we-online.com/askLorandt
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